A method, which utilizes interference enhanced Raman scattering and resonant Raman scattering techniques, is used to overcome the low efficiency of Raman methods to diagnose highly reflective materials. 4s applied to the p-type Si wafer, the enhanced gain is up to nearly a factor of 80 at 4880 A excitation. Because of the strong absorption of the scattered light, it is recommended that the suitable deposited thickness of CdS films should not be thicker than 700 A.
Raman scattering is a very powerful probe for investigating the vibrational properties of materials. It is also influential in understanding problems as diverse as the structure of amorphous insulators, and the conduction mechanisms in ionic conductors. However, this technique has had little success when it was applied to highly retlecting materials, and amorphous or polycrystalline films. This is due to generic experimental problems, namely the inefficient use of incident beam intensity in generating inelastically scattered radiation, and the weak Raman signal in the scattered emission from film. The former occurs because most of the incident beam is reflected, and even that which penetrates, generates scattered radiation that is strongly re-absorbed while exiting the sample. The latter occurs because the weaker Raman signal is encompassed by the stronger fluorescent emission in the scattered spectra during excitation. In this letter, we employ a method to overcome these difficulties. The method utilizes both the interference enhanced Raman scattering (IERS), and the resonance Raman scattering (RRS) techniques. The potential of these methods is demonstrated here by application to CdS-coated p-type Si wafers.
The existence of multiple beam interference effects in Raman scattering from thin films was first observed by DiLella et aL2 in a surface enhanced Raman study of CO adsorbed on Ag. From then on, many experimenta12-lo and theoretical*-" studies have been devoted to the study of IERS on thin films'-8 and thin adsorbed molecular layers."." Most of the previous work was concentrated on the investigation of the physical nature of IERS. Few attempts have been made to apply this powerful IERS technique in Raman diagnosis of highly reflecting materials. Nemanich and co-workers3*4 employed a trilayer configuration to obtain Raman spectra from very thin, highly absorbing films. They found that the Raman signal from thin layers of tellurium3'4 and Pd,Si was enhanced5 by constructive interference, due to the imposition of a di-electric layer between the scattering layer and the underlying reflective Al substrate. They also reported that the Raman scattered radiation from a tellurium film due to IERS is enhanced by a factor of 20. It is well known that at room temperature the bandgap energy of bulk CdS (i.e., 2.42 eV> is in the region of the emission lines of the Ar + laser. To improve the Raman scattering efficiency of a highly'reflective material, a thin film of CdS was deposited. This first induces resonant Raman scattering using blue-green wavelengths. The RRS, in turn, assists to increase the scattering efficiency of the highly reflected material. Second, the IERS condition can be easily fulfilled by controlling the thickness of CdS films. The potential of this configuration is demonstrated here by applying it to a p-type (100) Si wafer. The pulsed laser evaporation (PLE) technique was employed to deposit CdS thin films on a Si wafer at room temperature." The structure and crystallinity were identified by x-ray diffrao tion (XRD). The XRD results" reveal that the as-deposited CdS films have wurzite structure, and have high orientation of the (002) direction, even though the substrate was at room temperatureI during deposition. The crystallite size can be deduced from the linewidth of x-ray diffraction (XRD) patterns" and tunneling electron microscopy (TEM) patterns.13 The grain size of the (002) plane at room,substrate temperature is about 290 A. The surface morphology of the as-deposited CdS films was investigated by scanning electron microscopy (SEM).r3 The SEM pictures reveal that the surface of the film is smooth and uniform, and adhered firmly to the substrate. The quality of these films was sufficient for obtaining sharp Raman peaks."
The PLE system consisted of a clean vacuum chamber, which is pumped by a 25 I/s ion pump, having a base pressure of 3 x 10 -6 Torr. A homemade Xe-ion laserI (A = 495 nm) operating at about 1 pps with maximum pulsed energy of 10 mJ was focused onto a target at about 20" from the surface normal. The laser fluence was about 1 J/cm*, and the target was moved slightly after hundreds of shots. The substrate holder was located at -20 mm above the target, and was held at room temperature. CdS powder of 99.999% purity was pressed into a pellet, which was deliberately left rough so that the coupling of the laser beam into the target was quite efficient. The substrates were p-type ( 100) Si wafers. Under the normal deposition condition, the deposition rate was about 0.07 &pulse for PLE techniques. The thickness of these films was measured using an ellisopmeter having a resolution of a10 A. The thickness of these films is in the range of 100 to 800 A.
The 4579 (2.71 eV), 4880 (2.54 eV), and 5145 (2.41 eV) w lines of an Ar + laser were used as excitation sources for the Raman experiment. Spectra were taken at room temperature in the 45" reflection geometry, with the samples placed under the micrometer stage of a triple grating spectrograph (Spex 1877C) equipped with a liquid Ncooled CCD detector array (Photometrics CC200). The incident power on the sample was about 100 mW. The slit width ( 100 pm) used led to a resolution of 3 cm -'. Spectra were calibrated using Neon and Xenon lamps. The Raman signals of the CdS-coated p-type ( 100) Si wafer, as well as the CdS Raman peaks, are shown in Figs. l-3 for excitation at three different wavelengths, namely 4579,4880, and 5 145 A. The zero of each spectrum lies on its baseline. The intensity of the spectra are all reduced by a factor shown in the figure, except the Raman spectrum of bulk Si. We can see that the intensity of the Si Raman peak (i.e., Or -5 16 cm -' for the p-type Si wafer) increases as the thickness of the CdS overlayers increases (relative to the intensity of bulk Si). For the same thickness of concern, the enhancement of the Si Raman peak intensity is greatest using 4880 A excitation since it is closer to the RRS condition. The observed overtones of the multi-LO phonon modes of CdS films are 4,2, and 1 for 4579,4880, and 5 145 A excitations, respectively. The different number of observable overtones is due to the resonant effect of the scattered Raman signal with exciton energy. The studies about this effect of single-crystal CdS have been proposed by Leite et al." and Klein and Porto, 16 who had observed as many as nine multi-LO overtones. The small number of overtones observed in the present study is due to our sample being a polycrystalline film. However, the observed trend confirms previous work. The 2T0 phonon mode of thep-type Si wafer, located at -950 cm *, is only observable using 5145 A excitation due to its smaller absorption coefficient above the absorption edge. We also note that the intensity of the Raman peaks of CdS films increases as the thickness increases. This is because the scattering volume increases. Besides this, the IERS mechanism also gradually contributes to the Raman signal as the thickness of CdS films increase. The Raman intensity of the CdS peaks will go through a maximum when the optical thickness of the CdS film is equal to one quarter of the laser wavelength. At a 45" incidence angle of the probe laser, the thickness which gives the maximum gain is about 750 A for -$000 100 , ,
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Thickness (1) FIG. 4. Thickness dependence of the Si Or peak (516 cm -') for excitation at three different wavelengths. The relative ratio is the CdS film intensity to that of the Si wafer (no film deposited).
JJ 3 0.3l "',"',"',"',"',""." than 800 A, we did not observe the oscillation of the Raman intensity with respect to the variation of thickness. The thickness dependence of the relative enhancement of the Si Raman peak, with respect to the intensity of the bulk Si wafer, is shown in Fig. 4 . We can see that the enhancement, using 4579 and 5145 A excitation, is nearly a factor of 6 and 4, respectively, relative to bulk Si for a thickness of 800 A. However, the enhancement, using 4880 A excitation, is about 80. This large difference in enhancement is due to the following reason. Both the RRS and IERS contribute to the Raman gain using 4880 k excitation, while only IERS contributes to the Raman gain using 4579 and 5145 A excitation. As shown in Fig. 4 , the variation of the Si Raman gain with thickness is due to the IERS mechanism. The increased gain using 4880 A excitation, with respect to that found using 4579 and 5145 h; excitation [i.e., about 15-20) , is attributed to the RRS mechanism, because the 4880 A line (2.54 eV) of the Ar laser is closer to the exciton energy of CdS than the 4579 (2.71 eV) and 5 145 (2.41 eV) A lines. Figure 5 shows the thickness dependence of the relative intensity of Si (Or) to CdS ( 1LO) Raman peaks. We must note that as the thickness of CdS film increases, the intensity of the Si Raman peak will be finally masked by the envelope of the fluorescence from the CdS film. This is caused by two effects: first, the scattering volume of the CdS film increases as the thickness increases; second, the scattered radiation from the Si wafer is more strongly absorbed as the thickness of the lilm increases. Finally, we note that the intensity of the Si peak degrades most rapidly for 4579 A excitation since the absorption coefficient of 4579 A line is largest. Because of the strong absorption of the scattered light, it is recommended that the deposited thickness of CdS films should not exceed 700 A.
In conclusion, a method which utilizes IERS and RRS techniques is employed to overcome the low efficiency of Raman scattering in highly reflective materials. As applied to a coated p-type Si wafer, the enhanced gain is nearly a factor of 80, using 4880 A excitation.
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